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Deaths from avoidable causes represent the largest component of deaths in young people in Canada and have a considerable social
cost in relation to years of potential life lost. We evaluated social and demographic determinants of deaths in youth aged 12–24
years in Nova Scotia for the period 1995–2004. Youth most at risk of death were males, the more socially deprived, and those living
in rural areas. There was a ﬁve-fold increase in suicides and a three-fold increase in injury deaths in males compared to females
and a substantial component of these deaths were amongst males living in rural areas. Initiatives and prevention policies should
be targeted towards speciﬁc at-risk groups, particularly males living in rural areas. Published vital statistics hide these important
trends and thus provide only limited evidence with which to base-prevention initiatives.
1.Introduction
Youth is the developmental period encompassing the ages of
12 to 24 years. This is a period characterized by signiﬁcant
physicalandemotionalmaturationduringwhichindividuals
undergo many developmental changes as they mature into
adults. Youth are neither children nor small adults and
because there is no easily recognisable age standard to deﬁne
this transition period, youth health needs often remain
hidden by the use of routinely available data [1]. The
presentation of health statistics by broad age categorisations
can hide important trends associated with the dynamic and
changeable nature of youth health. Our deﬁnition of youth
includes ages at the upper and lower extremes of the youth
age range. For the purpose of presenting health statistics,
individuals at these ages are often subsumed into broad age
categories and consequently deﬁned as either children or
adults. By presenting data disaggregated by age we avoid the
issues associated with these broad deﬁnitions.
The NSYOUTHS (Nova Scotia Youth Outcome and
Utilization of the Health System) database provides an
evidence base for understanding the complex interactions
that determine youth health and wellbeing. It is a mul-
tifaceted population study examining multiple aspects of
youth health experience and health care, including health
service utilization, transition from pediatric to adult care,
andvariationsinmortality.Understandingtheuniquehealth
needs and experiences of youth and the factors that aﬀect
their health has the potential to lead to signiﬁcant innova-
tionsintheplanninganddeliveryofhealthandotherservices
to this population. Research ﬁndings from the NSYOUTHS
project will support the development and evaluation of
intra- and intersectoral programs and policies for youth
health.
Mortality amongst youth in Canada has declined sub-
stantially since the 1970s, although the decrease over the
last decade has been less marked [2, 3]. Deaths from
avoidable causes—injuries and suicides—remain the largest2 International Journal of Pediatrics
component of youth deaths and present a signiﬁcant social
problem in terms of years of life lost [4, 5]. This paper eval-
uates socioeconomic, demographic, and geographic trends
in youth mortality in Nova Scotia, 1995–2004—focussing
speciﬁcally on deaths from avoidable causes including injury
and suicide. Whilst data from Canadian Vital Statistics and
other national datasets are available describing broad trends
in death rates in youth there is a paucity of information
on youth deaths disaggregated by age, residential location,
or socioeconomic status. The lack of disaggregated data on
deaths within the broad period deﬁned as youth limits our
ability to deﬁne appropriate health and social care activities
for this important cohort. The aim of this paper is to ﬁll this
clear gap in the evidence required to plan eﬀectively youth
death prevention activities.
2.MaterialsandMethods
2.1. Data Sources, Data Capture, and Record Linkage.
The NSYOUTHS database is a comprehensive longitudi-
nal dataset comprising health and health care utilisation
i n f o r m a t i o nf o ra l ly o u t ha g e d1 2t o2 4y e a r sr e s i d e n t
in Nova Scotia between 1995 and 2004 and eligible for
insured health care services paid for by Nova Scotia Medical
Services Insurance (MSI). We used a modiﬁed version of
the World Health Organisation deﬁnition of youth [6].
The database was created by linking ﬁve administrative
healthdatabases:NovaScotiaPatientRegistry,MSIPhysician
Billings, Canadian Institute of Health Information (CIHI),
HospitalDischargeAbstractDatabase(DAD),MentalHealth
Outpatient Information System, and Vital Statistics Death
Registry. All provincial residents are eligible for health
services covered by MSI, only those paid for privately were
not captured in the database. Members of the armed forces
andRoyalCanadianMountedPolicedonothaveMSIHealth
Cards and were excluded from the dataset. The demographic
and health variables provided from each dataset are listed in
Table 1.
Inordertomaintainpatientanonymityandconﬁdential-
ity all MSI health card numbers were encrypted. Individual
databases were linked by the Population Health Research
Unit (PHRU) at Dalhousie University using the encrypted
MSI health card number.
Additional demographic variables were extracted from
the 2001 Canadian Census and the postal code geography
database held by PHRU. Median household income was
derived from the 2001 census of population [7] (dissemi-
nation area statistics) and linked to residential postal codes
via the Postal Code Conversion File (PCCF+) [8]. Median
household income was grouped into quartiles and linked
to individuals via their home postal code, providing an
indicator of community socioeconomic status (SES) for
individuals. Urban/rural residential status, as deﬁned in the
PCCF+, was assigned to individuals using their residential
postal code. Finally, a grid reference (latitude and longitude)
was assigned to each individual postal code using the
PCCF+. Figure 1 provides an overview of the databases and
record linkage processes used to create the NSYOUTHS
database.
2.2. Analytical Methods. Mortality rates—over time and by
age,gender,urban/ruralresidence,andSES—werecalculated
per 100,000 youth person years. 95% conﬁdence intervals
(CIs) were derived using the Poisson distribution [9].
Underlyingcauseofdeathwasgroupedintoavoidabledeaths
(categorised into self-harm/suicide or injury) and all other
disease-related deaths. Poisson regression was used to esti-
mate incidence-rate ratios (IRRs) and 95% CIs adjusted for
gender, age, year, urban/rural residence, and SES. Statistical
analysis was undertaken using SAS 9.1 [10].
The location of residence of all individuals in the
NSYOUTHS database were captured into a Geographical
Information System (GIS) [11] using the latitude and lon-
gitude of their home postal code. Individuals were assigned
to a Nova Scotia community health board and mortality
rate maps were produced. The observed and expected
number of deaths, by urban/rural location and categories
of socioeconomic status, was compared, where the expected
number of deaths was estimated using Poisson regression,
adjusting for gender, age, and time period.
2.3. Ethics. The project received ethics approval from the
IWK Health Centre Research Ethics Board and approval
from the PHRU Access to Data and Information Manage-
ment Committee.
3. Results
The NSYOUTHS database is a cohort of 314,983 individual
youth (158,179 males and 156,804 females), representing
over1.6millionpersonyearsduringthe10yearstudyperiod.
During each year of the study there were approximately
170,000 individuals in the database. There were 718 deaths
in the cohort, an overall death rate of 43 (95% CI 40–46)
per 100,000 youth. Of these deaths, 55 (8%) did not have
an underlying cause of death recorded, primarily because
health card number, which was used for record linkage, is
not a requirement on death registrations provided by vital
statistics and is missing in some cases.
Death rates, overall and stratiﬁed by gender, are pre-
sented in Table 2. During the study period, there was no
signiﬁcant change in death rates over time. There was a
two-fold increase in male compared to female death rates;
male rate 58 (95% CI: 53–63) per 100,000 youth, female
rate 27 (95% CI: 24–31) per 100,000 youth, adjusted IRR
2.1 (95% CI 1.8–2.5). Death rates were markedly higher in
rural compared to urban areas; rural death rate 51 (95%
CI: 46–56) per 100,000, urban death rate 38 (95% CI: 34–
41) per 100,000, adjusted IRR 1.3 (95% CI: 1.1–1.5) in rural
compared to urban areas. There was a trend for higher death
rates in the lower socioeconomic groups, adjusted IRR was
1.6(95%CI:1.3–2.0)comparing1st(lowest)to4th(highest)
SES quartile. Death rates by age increased steadily from the
lowest rate at age 12 years, peaking at age 20 years before
declining at age 21, although the rate at age 24 was very
similar to the rate at ages 22 and 23 years (see Table 2 and
Figure 2). The male death rate was consistently higher than
the female rate and although the overall trend by age wasInternational Journal of Pediatrics 3
Table 1: Variables and health data sources.
Database Variable
Nova Scotia Patient Registry
MSI Health card number
Date of birth
Gender
Postal code of residence
Medical Services Insurance (MSI) Physician Billings
MSI Health card number
Health care contact location
Date of consultation
Diagnostic code (ICD9 1995–2000/ICD10 2001–04)
Canadian Institute of Health Information (CIHI)
Hospital Discharge Abstract Database (DAD)
MSI Health card number
Health care contact location
Date of admission
Diagnostic code (ICD9 1995–2000/ICD10 2001–04)
Mental Health Outpatient Information System
MSI Health card number
Health care contact location
Date of consultation
Diagnostic code (ICD9 1995–2000/ICD10 2001–04)
Vital Statistics Death Registry
Date of death
Place of death
Underlying cause of death (ICD9 1995–99/ICD10 2000–04)
Source datasets
Insured patient registry
MSI physician billings
CIHI hospital discharge
abstract database
Mental health outpatient
information system
Vital statistics (deaths)
Postal code geography
Canadian census 2001
Linked using
PCCF+
Linked by
postal
code
Data linkage
Linked using
MSI health
card
number
NSYOUTHS database
￿ Date of birth
￿ Gender
￿ Postal code
￿ Urban/rural indicator
￿ SES (median income)
￿ Date of death (if applicable)
￿ Underlying cause of
death (ICD9/ICD10)
￿ ICD9/ICD10
diagnostic code for each
health care contact
￿ Date of health care contact
￿ Latitude and longitude
￿ Health care contact
(by contact type/provider)
Figure 1: Overview of the NSYOUTHS database.
similar the gap between male and female rates widened with
older age.
Because of the markedly increased risk of death for males
compared to females the Poisson regression analysis was
stratiﬁed by gender (see Table 2). An increased risk of death
in ruralareascompared to urban areaswasapparentfor both
males and females, although this risk was signiﬁcant only
for males. The trend for risk of death by year of age was
markedly diﬀerent for males compared to females, reﬂecting
the large increase in the number of male compared to female
deaths. For example the highest IRR (compared with age 12)
for females was 4.4 (95% CI 1.9–10) at age 19, whereas for
males it was 9.0 (95% CI 4.1–19.7) at age 20. There was
no signiﬁcant diﬀerence in the trend in risk of death by
socioeconomic status or time period for males or females.
A total of 663 deaths in the cohort had a cause of
death coded, of these 33% were disease-related with the
remaining 67% due to causes deﬁned as avoidable (51%4 International Journal of Pediatrics
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Figure 2: Death rates by age per 100,000 youth, overall and by male
and female.
from injury and 16% from suicide/self-harm). Death rates
by cause per 100,000 person years were: disease-related
13 (95% CI 11–15); injury 20.0 (95% CI 18–22); and
suicide/self-harm 6.3 (95% CI 5.2–7.6), see Table 3.T h e r e
was a statistically signiﬁcant three-fold higher rate of deaths
from injury in males (adjusted IRR 2.8, 95% CI 2.2–
3.6) and a ﬁve-fold higher rate of deaths from suicides
in males (adjusted IRR 5.4, 95% CI: 3.1–9.4) compared
to females. By contrast, the death rates for disease-related
deaths for males and females were almost identical. A small
proportion of deaths (n = 20) categorised as unintentional
injury were from causes related to interpersonal violence
(homicide/assault) (results not reported in the Table 3). The
interpersonal violence death rate was higher for males (IRR
1.8, 95% CI: 0.7–4.5), lower in rural compared to urban
areas (IRR 0.4, 95% CI: 0.2–1.2) and higher in the lower
socioeconomic groups (IRR 2.0, 95% CI 0.7–5.9 comparing
the highest to lowest socioeconomic quartile). However, the
95% CIs indicated none of these ﬁndings were statistically
signiﬁcant.
There was signiﬁcantly higher rate of deaths from injury
in rural areas compared to urban areas (IRR 1.7, 95% CI:
1.4–2.2), whereas deaths from suicides were just marginally
higher in rural areas and deaths from disease-related causes
were the same in rural and urban areas. In all three cause
groups death rates were higher in the lowest socioeconomic
category compared to the most aﬄuent category—IRR
comparing lowest to highest socioeconomic quartile: injury
deaths 1.6 (95% CI: 1.2–2.3), self-harm/suicide deaths 3.0
(95% CI: 1.5–6.2), and disease-related deaths 1.6 (95% CI:
1.1–2.5). Deaths from injury displayed the largest variation
by year of age compared to the other cause categories. Over
time, disease-related death rates changed a little, and there
was a slight decline in suicide death rates. However, there
was a marked, but statistically nonsigniﬁcant, higher death
rate from injury in 2004 compared to earlier time periods,
0
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Figure 3: Death rates by age per 100,000 youth by cause category
(disease-related, injury, interpersonal violence, suicide/self harm).
although in general death rates from injury also declined
over time. There was signiﬁcant variation in risk of death
from suicide and injury by year of age, compared to very
little variation in disease-related deaths by age. The highest
risk of death from injury was at age 19 (adjusted IRR 23.2,
95% CI 5.6–95.5 compared to age 12) although the risk for
subsequent ages did not decline substantially. The highest
risk for suicide was at age 22 (adjusted IRR 8.1, 95% CI 1.9–
35.4 compared to age 12). Although there was variation in
death rates from each cause group over time this temporal
ﬂuctuationwasnonsigniﬁcant(Table 3).Figure 3graphically
illustrates death rates by cause (disease-related, injury,
suicide/self-harm and interpersonal violence/homicide) by
year of age, highlighting the peak in injury deaths at age 19,
suicides at age 22, and the relatively small rate of deaths from
interpersonal violence/homicide in this cohort.
Therewassubstantialgeographicvariationindeathrates,
see Figure 4 for rates by community heath boards. In rural
areas, an excess of 55 deaths was observed compared to
the number expected assuming no extra-Poisson spatial
variation in death rates, whereas in urban areas there were
34 less deaths than expected. In the most deprived category
of socioeconomic status, there were 31 more deaths than
expected as predicted by the Poisson regression model,
whereas in the most aﬄuent socioeconomic category 41 less
deaths than expected were observed.
4. Discussion
YouthdeathsinNovaScotiaweretwiceashighinmalescom-
pared to females and signiﬁcantly higher in rural compared
with urban areas, which was partly due to a 40% higher rate
of death in males in rural areas. Death rates in the most
deprived quintile of socioeconomic status were increased
by 50% and 80% for males and females, respectively. The
substantial diﬀerence in male compared to female deaths was6 International Journal of Pediatrics
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Figure 4: Death rates per 100,000 youth by Community Health
Board.
due to large diﬀerences in deaths from avoidable causes—
suicides were 5.4 times higher and injury deaths were 2.8
times higher for males compared to females.
TheNovaScotiayouthdeathrateduringthestudyperiod
was slightly lower than the 2000–2004 Canadian rate of 47
deaths per 100,000 (age 15–19 years) and 59 deaths per
100,000 (age 20–24 years) [3], similar to the UK rate of 36
per 100,000 (age 15–19 years) and 50 per 100,000 (age 20–
24 years) for the same time period [12], and considerably
lowerthantheUSrateof80per100,000forages15–24years,
1999–2004 [13]. The Nova Scotia male youth death rate was
lower than the Australian rate of 63 per 100,000 in 2002, and
very similar to the Australian female rate of 25 per 100,000
[14]. Similar to the Canadian national rate the Nova Scotia
male death rate was double the female death rate, whereas
in the US, UK, and Australia it around 2.5 times higher
[3, 12, 13].
Injury deaths in Nova Scotia were generally lower than
those reported for both Canada and the US: Canada rate
22 per 100,000 for ages 15–19 years and 24 per 100,000 for
ages 20–24 years, US rate 36 per 100,000 for youth aged
15–24 for the period 1999–2004. The proportion of deaths
fromexternalcauses(injuryandsuicide)wassimilarinNova
Scotia (63%) and Australia (70%) [3, 13].
Historically, the Canadian youth suicide rate has been
higher than in the US, Australia and the UK [4]. However,
the Nova Scotia youth suicide rate was considerably lower
than the Canadian rate of 10 per 100,000 (ages 15–19 years)
and 14 per 100,000 (ages 20–24 years) and the US rate of
10 per 100,000 for 15–24 year olds. Although Nova Scotia
has the lowest rate of youth suicides in Canada, the ﬁve-fold
diﬀerence between male and female suicide rates was higher
than the Canadian average and similar to US data [4].
The geographic heterogeneity in youth deaths in this
study reﬂects partly the substantial and signiﬁcant variation
in deaths from avoidable causes between rural and urban
areas. However, some of the spatial variation in death rates
may be due to variation in socioeconomic risk factors, which
were deﬁned at the community level using postal code data
and it is known that socioeconomic status varies between
geographic communities in Nova Scotia.
The NSYOUTHS database is a comprehensive longitu-
dinal resource which enabled us to explore temporal trends
in death rates by such factors as age, gender, socioeconomic
status, and urban-rural residence—analyses that are not
possible using published vital statistics, either Canadian or
international. Whilst it is well known that the two major
causesofdeathinyouthareinjuriesandsuicides,andthatthe
burden of these deaths is predominantly in males, published
vital statistics do not identify socioeconomic or urban/rural
trends.
This study highlighted the important role living in a
rural area has on youth suicides and injury deaths and has
thereforeidentiﬁedafocusforpreventioninitiatives.Further,
we were able to present death rates by year of age, as opposed
to more typical analyses by age categories. This allowed us to
highlight that the injury death rate for older youth did not
decline substantially after the peak rate at age 19. National
and provincial statistics are commonly reported by broad
age groups, thus masking important variations within these
groups and, again, providing only limited evidence on which
to base prevention strategies.8 International Journal of Pediatrics
The cohort was established using the provincial MSI
patient registry to create the relevant age-deﬁned study
population, ensuring the calculationof accuratepersonyears
at risk. By combining provincial MSI and CIHI DAD data
withVitalStatisticsdatatoidentifydeathswithinourcohort,
we were able to ensure that ascertainment of deaths was as
complete as possible. However, a limitation of the database is
that around 7% of the deaths do not have a cause assigned
because, in these cases, the vital statistics death registration
did not have a health card number assigned and record
linkage was not possible.
5. Conclusion
We found signiﬁcant inequality in death rates in Nova Scotia
youth and individuals most at risk of death were males, the
more socially deprived and those living in rural areas. A
large component of this increased risk was due to high death
ratesfrominjuryandsuicideamongstmales,especiallymales
living in rural areas. Whilst these injury deaths declined
after a peak at age 19 years, the rates remained substantial
through to age 24. Thus, initiatives to prevent youth deaths
must be both sex- and age-speciﬁc. Deaths from suicide
and injury are largely preventable through medical, social
care, and public health initiatives. The development of
appropriate mental health, educational, road safety, and
transport planning policies are essential to deal with these
avoidable deaths. This study shows that, in addition to
developing suitable prevention strategies, all initiatives and
policies should be targeted towards speciﬁc at-risk groups,
particularly males living in rural areas.
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